I. Theoretical analysis of a ring resonator laser with a single molecular layer of gain
Population inversion condition states that at the lasing threshold the round-trip emission should be equal to the sum of the round-trip cavity loss and the round-trip loss caused by molecular absorption.
Referring to Fig. S1 , the cavity round-trip energy loss is determined by: where I is the total energy in the WGM. (r,,z) and E(r,,z) are the dielectric constant and WGM electric field. R and m 1 is the resonator radius and resonator effective refractive index, respectively.  0 is the lasing wavelength in vacuum. Q 0 is the resonator Q-factor. Assuming that the dielectric constant and the electric field have only radial dependence, Eq. (S1) becomes:
The round-trip energy loss due to molecular absorption is given by:
where (r,,z) is the density of molecules.  a ( 0 ) is the molecule's absorption cross section at the lasing wavelength. For molecules attached to the resonator surface, we have
where A(,z) is the molecular surface density. The dependence on  and z can be removed if we assume a homogenous surface distribution. Similarly, the emission of the molecules can be given as:
where  e ( 0 ) is the emission cross section at the lasing wavelength.
The corresponding population inversion condition for a four-energy-level laser system can be written as: [1] [2] [3] 
where A 1 /L is the surface density of the molecules in the excited state normalized to the intensity decay length of the WGM in the liquid, which is the effective concentration of the molecules. Figure S1 . Illustration of the WGM and the parameters used in theoretical analysis.
where m 2 is the refractive index of the surrounding liquid. E R is the WGM electric field at the ring resonator surface.  is the fraction of the WGM energy in the evanescent field.
According to the laser theory, the lasing threshold, I th , is determined by:
, (S8)
where is the fraction of gain molecules in the excited state at the lasing threshold. is 
II. Surface density ratio estimation for BSA specific binding and DNA hybridization
First we estimate the BSA surface density ratio between specific and non-specific cases. According to the laser theory, the laser output power, I output , is linearly proportional to the pump intensity, I pump , above threshold:
Since the output in Fig. 3(A) and (B) is nearly the same and the pump intensity is well above the respective threshold, based on Eqs. (S8) and (S10), 10 times difference in the pump intensity leads to:
. (S11) 
